P300, somatosensory evoked potential (SEP) and brainstem auditory evoked potential (BAEP) are widely used neurophysiological methods for objectively evaluating cognitive, somatosensory and brainstem auditory functions. We studied the P300, SEP and BAEPin 17 patients with chronic respiratory insufficiency (PaO2: 58.2 ± 7.0 mmHg; mean ± SD) and 15 age-matched healthy subjects (PaO2: 84.4 ± ll.3 mmHg). The latency and amplitude of P300, the N9 latency, N9-N13 and N13-N20 interpeak latencies (IPL) in SEP, wave I latency and I-V IPL in BAEPwere compared between the patients and controls. The P300 latency, N9-N13 and N13-N20 IPLs in SEP in the patients were significantly prolonged compared to the controls. In contrast, the amplitude ofP300, N9 latency in SEP, wave I latency and I-V IPL in BAEPwere not significantly different between the patients and controls. These results suggest that chronic respiratory insufficiency influences the cognitive and somatosensory functions, and indicate that there is a selective vulnerability of evoked potentials to this condition. (Internal Medicine 36: 270-275, 1997) 
Introduction
The influence of chronic respiratory insufficiency on the central and peripheral nervous systems is well known. Polyneuropathy (1) (2) (3) (4) , motor neuron involvement (5) and encephalopathy (6) have been observed in studies of patients with chronic respiratory insufficiency. P300, somatosensory evoked potential (SEP) and brainstem auditory evoked potential (BAEP) are non-invasive and widely used neurophysiological methods for objectively evaluating cognitive, somatosensory and brainstem auditory functions (7-10). Umahara et al (ll) reported the effect of chronic respiratory insufficiency on P300 of patients with old pulmonary tuberculosis. However, the SEP and BAEP profiles of patients with chronic respiratory insufficiency have not been reported yet, and the differences in the effect of this condition on the cognitive, somatosensory and brainstem auditory systems is unknown.
In the present study, we neurophysiologically investigated the effect of chronic respiratory insufficiency on the central and peripheral nervous systems by examining the P300, SEP and BAEPin patients with chronic respiratory insufficiency and in age-matched controls.
Materials and Methods
Patients referred to the respiratory clinic of Kumamoto Rosai Hospital with chronic pulmonary diseases were studied. Arterial blood gas (ABG) analysis was performed after a 15 minute resting period in ambient room air. Based on the ABG analysis, we selected the patients with PaO2 <70 mmHg. We excluded all patients with a history of diabetes mellitus, neoplasia, severe malnutrition, alcoholism, uremia, use of neurotoxic drugs, hypertension, cerebrovascular disorders, cervical radiculomyelopathy or chronic liver disorder. Seventeen patients, 14males and 3 females, meanage 68.6 years (±7.0: SD) affected by chronic respiratory insufficiency were selected. Of the 17 patients, six had emphysema, six pneumonoconiosis, three pulmonary fibrosis and two old pulmonary tuberculosis.
The ranges ofPaO2 and PaCO2 were 49. 2-67.6 and 34.3-60.0 mmHg, respectively. A neurological examination, brain computed tomography scan and cervical spine X-ray were performed in all patients. Nopatients showedany obvious abnormalities. A pulmonary function test was also performed in all patients. Vital capacity (VC) and forced expiratory volume in the first second (FEVL0) were measured, and %VC(the percent Evoked Potentials in Chronic Respiratory Insufficiency of predicted VC) and FEVL0%([FEVL0/VC] x 100) were calculated. Table 1 shows the results of the pulmonary function tests according to the groups of each pulmonary disease.
Fifteen age-and sex-matched healthy subjects, 12 males and 3 females, were recruited as a control group. ABGanalysis was also performed in the control group under the same conditions. Informed consent was obtained from all participants prior to the study.
P300 recording was performed with an oddball paradigm using auditory stimulation. The stimulus was a pure tone delivered biaurally through headphones at an intensity of 70 dB SPL, with the interstimulus interval of 2 S. Tones of two different frequencies, 1 ,000 Hz and 2,000 Hz, were presented at a rate of 80 and 20%, respectively, in a random order. The subject responded to the target (rare) stimulus by pressing a push button with the right thumb. Electroencephalography (EEG) activity was recorded from scalp electrodes at Fz and Cz (international 1 0-20 system) which were referred to linked ear lobe electrodes. Filter settings of0. 1-50 Hz were used. The data of 30 responses were averaged. The latency and amplitude of P300 was measured at Cz. The amplitude of P300 were measured at the vertical distance between N200 and P300
peaks. SEP recordings were obtained by stimulating the right median nerve at the wrist. The stimulus was a square wave pulse of0. 1 msec with 3 Hz frequency. The stimulus intensity was the sum of motor plus sensory thresholds. The SEP was recorded at the leftparietal site, overthe C2 and C7 spinous process, and the right Erb's point. The parietal electrode was situated 2 cm behind and 7 cm lateral to the vertex. Fz was used as the reference. Filter settings for recording from the right Erb' s point and C7 spinous process electrodes were 100-3,000 Hz, and for recording from the C2 spinous process and parietal electrodes, 20-500 Hz. The data of 500 responses were averaged. The latency of N9, and the interpeak latencies (IPL) of N9-N13, N13-N20 and N9-N20 were measured. BAEPrecordings were performed with a click stimulus of90 dB SPL to the left ear (un filtered square waves of 0.1 ms duration with alternating polarity and a frequency of 10 Hz). The active electrode was placed on the mastoid ipsilateral to the stimulated ear, the reference electrode was placed at Cz. Filter settings of50-3,000 Hz were used. The data of2,000 responses were averaged. The latency of wave I and the I-V IPL were examined. In the BAEP, SEP and P300 recordings, the interelectrode impedance was reduced to below 5 kQ. At least 2 averages were obtained to ensure response reproducibility.
The neurophysiological data, age, body height, body weight and pH, PaO2 and PaCO2in ABGin the patients were compared with those obtained from the controls. For evaluating the differences amongthe results of patients with various pulmonary diseases, since the numbers of patients with pulmonary fibrosis and old pulmonary tuberculosis were small (3 and 2, respectively), we comparedonly the neurophysiological data, age, body height, body weight andpH, PaO2 andPaCO2 in ABG among the six patients with emphysema and the six with pneumonoconiosis. For statistical analysis, Student' s t-test was used to examine the differences between groups, and p<0.05 was considered significant. Table 2 shows the comparisons of age, body height, body weight and pH, PaO2 and PaCO2 in ABGbetween the patients and controls. There were no significant differences in the age, body height, and pH in ABGbetween the patients and controls; however, body weight, the PaO2and PaCO2values were significantly different. The difference in PaO2 (p<0.000 1 ) was more significant than that for PaCO2 (p=O.OO35). Figure 1 shows the wave forms ofP300, SEP and BAEPin a control subject with the nomenclature of each component, respectively. The mean values with standard deviations (SD) of these three neurophysiological tests are given in Table 3 . The latency of P300 in the patients showed a significant prolongation compared with that in the controls (p=0.009) (Fig. 2) . The
Results
IPLs of N9-N13, N13-N20 and N9-N20 in the patients also showed significant prolongation in comparison with those in the controls (p=0.0380; p=0.0403 and p<0.0001 , respectively). However, the amplitude of P300, N9 latency, and wave I latency and I-V IPL were not significantly different between the patients and controls. Table 4 shows the comparisons of age, body height, body weight and pH, PaO2 and PaCO2 in ABGbetween the patients with emphysema and those with pneumonoconiosis. There were no significant differences in any of these parameters between the two groups. Table 5 shows the results of the three neurophysiological studies between the patients with emphysema and those with pneumonoconiosis. There were no significant differences in the results of the neurophysiological studies between the two groups.
Discussion
Grant et al ( 1 2) reported that 27% of the patients they studied with chronic obstructive pulmonary disease (COPD) [PaO2>60 mmHg(mean ± SD: 67.8 ± 6.3)] showed neuropsychologic deficit. Umahara et al (1 1) observed a P300 latency prolongation and neuropsychologic deficit in the patients with old pulmonary tuberculosis (PaO2: 73.0 ± 6.8 mmHg; mean ± SD). Pfeiffer et al (3) found neuropathy even in patients with mild hypoxia and COPD(PaO2 reduced to less than 15 mmHgbelow normal). These reports indicate that mild respiratory insufficiency influences the nervous system. In the present study, we selected patients with chronic respiratory insufficiency (PaO2 <70 mmHg)as the subjects. Their ranges (mean ± SD) ofPaO2 and PaCO2 were 49.2-67.6 (58.19 ± 6.97) mmHgand 34.3-60.6 (46.6 ± 7.9) mmHg, respectively. Thus, the chronic respiratory insufficiency was of a mild degree in these patients. The P300 wave, a long-latency component of the eventrelated potential, is generated when a subject attends to and discriminates a given stimulus, and is thought to reflect cognitive processing (7). The temporal lobes, including the hippocampus and amygdala, have been proposed as its possible generator sites (13), but the generator of P300 remains controversial. The P300 latency is reported to show an increase with advancing age and in patients with cognitive impairment of various etiologies (7). The present study demonstrated P300 latency prolongation in patients with chronic respiratory in- Waveforms of SEP to right median nerve stimulation at the wrist in a control subject. N9, N13 and N20 were recorded at Erb's point (EP), C2 spinous process (C2) and left parietal sites (PR), respectively. The reference was Fz. C) Waveforms of BAEPto left ear stimulation in a control subject. Waves I and V were recorded at the left mastoid (Al). The reference was Cz. Figure 2 . Comparison of event-related potentials in response to rare (target) tones in the auditory oddball stimulus paradigm between a patient and control. The P300 latency in the patient was prolonged compared with that of the control. Erb's point and the sensory cortex. Polyneuropathy has been observed in patients with chronic respiratory insufficiency ( 1-4); however, in the present study, the N9 latency was not significantly different between the patients and controls. It is possible that the degree of hypoxia in our patients was not severe enough to induce polyneuropathy; the prevalence of polyneuropathy increases with the severity of hypoxia (3).
Thus, SEP can detect subclinical impairment in patients without any subjective somatosensory impairment.
BAEPreflects brainstem auditory functions (9, 10). The origins of the I and V waves have been speculated to be located in the acoustic nerve and inferior colliculus of the midbrain (17), respectively. In the present study, the wave I latency and I-V IPL in BAEPwere not significantly different between the patients and controls, indicating that chronic respiratory insufficiency of this degree does not affect the brainstem auditory pathways. However,the effect of more severe chronic respiratory insufficiency on BAEPis uncertain, and further examination is needed. Since the causes of chronic respiratory insufficiency were varied amongthe patients in this study, to analyze the differences between the effects of the diseases on the evoked potentials we compared the data between only the patients with emphysema and those with pneumonoconiosis. Wefound no significant difference between the two disease groups. Because the numbers of cases of pulmonary fibrosis and old pulmonary tuberculosis were small, we did not comparethese groups. To clarify the different effects of pulmonary diseases on evoked potentials, larger numbers of patients are necessary.
The factors influencing the evoked potentials in chronic respiratory insufficiency remain unknown. The state of chronic respiratory insufficiency includes chronic hypoxia, chronic hypercapnia and chronic acidosis. Because the PaO2 and PaCO2 levels were significantly different between the patients and controls, and the difference in PaO2 was more significant than that for PaCO2 in our study, we speculate that the factors influencing the nervous system are chronic hypoxia and hypercapnia, and that the hypoxia is the main factor. In this study, the body weight of the patients was significantly smaller than that of the controls. However, there is no report that evoked potentials are influenced by body weight, and we do not think that body weight was an influential factor in this study.
The present results show that chronic respiratory insufficiency influenced the evoked potentials of P300, SEP and BAEPdifferently, indicating that there is a selective vulnerability of evoked potentials to mild chronic respiratory insufficiency. Our data demonstrated a greater susceptibility of the cognitive and central somatosensory system, and the relative resistance of the brainstem and peripheral nervous system. The selective vulnerability of the brain to hypoxia has been neuropathologically studied; some cortical layers (III, V and VI) and the hippocampus, striatum, thalamus and amygdala were reported to be especially vulnerable (18). Clinically, brainstem function is usually preserved even in the face of severe cerebral cortical insult by hypoxia. Our present results provide electrophysiological support for the existence of a selective vulnerability of the nervous system to chronic hypoxia.
Several authors have described latency prolongation and amplitude decrements for evoked potentials in response to acute hypoxia (19-21), while others have noted transient increases in amplitude during acute hypoxia (22, 23) . Kajimoto et al (24) recently reported that with the use of high-rate sequential sampling, a transient increase in amplitude is the first to occur, followed by a latency prolongation and amplitude decrease for both BAEP and SEP in acute hypoxia. Concerning the electrophysiological selective vulnerability of the nervous system, Sohmer et al (25) reported that in their multi-modality evoked potentials study of cats, severe acute hypoxia was without effect on the somatosensory, vestibular and visual evoked potentials, while the auditory evoked potential (ABR and cortical components) were depressed. Our results are not consistent with that of Sohmer et al (25) . This maybe due to a difference betweenthe acute and chronic hypoxic effects on the nervous system, or the degree of hypoxia, or the difference in species.
Evoked potentials are influenced by various conditions, e.g. , aging (7, 26), body size (26), body temperature (27) and sleep (28, 29) . The findings from this study indicate that impairments of P300 and SEP occurred in association with mild chronic respiratory insufficiency. Therefore, the respiratory condition must also be taken into account when evaluating P300 and SEP.
